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1
SPRAY DEVICE HAVING CURVED
PASSAGES

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and benefit of U.S. Pro-
visional Patent Application No. 61/542,019 entitled “SPRAY
DEVICE HAVING CURVED PASSAGES”, filed Sep. 30,
2011, which is herein incorporated by reference in its entirety.

BACKGROUND

The invention relates generally to systems and methods for
spraying substances, such as coating fluids (e.g., paint).

A variety of spray devices may be used to apply a spray to
a target object. For example, spray devices often employ a
gas, such as pressurized air, to atomize a liquid (e.g., paint) to
generate a spray, which is then directed toward the target
object to create a coating. Unfortunately, these spray devices
flow the gas (e.g., air) through a series of air passages, which
abruptly change in direction before exiting a head of the spray
device. For example, the air passages may include a plurality
of straight passages (e.g., separately drilled bores) that inter-
sect one another at abrupt angles, which may be 45 to 90
degrees. As a result of these abrupt angles, the spray devices
experience significant pressure drop and turbulence in the air
flow (e.g., generally degraded air flow), which negatively
impacts the spray forming downstream of the head of the
spray device. These abrupt angles also generate noise as the
air flow must abruptly change in direction. Furthermore, the
degraded air flow may cause irregularities, deformities, and
general non-uniformity in the spray. As a result, the spray may
not provide a uniform coating on a target object. Accordingly,
a need exists for an improved spray device.

BRIEF DESCRIPTION

A system includes an air cap configured to mount to a head
of a spray device, wherein the air cap comprises at least one
air passage having a curved flow path. A system may include
a spray head having a first curved air passage that turns
inwardly toward a central axis of the spray head, and a second
curved air passage that turns inwardly toward the central axis
of the spray head, wherein the first and second curved air
passage are configured to direct first and second air flows
inwardly toward a spray to shape the spray. A system may
include a spray device having a liquid passage leading to a
liquid outlet, wherein the spray device is configured to atom-
ize a liquid from the liquid outlet to form a spray. The spray
device also may include a curved air passage that gradually
curves toward an air outlet, wherein the spray device is con-
figured to at least partially shape the spray with an air flow
from the air outlet.

DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood when the
following detailed description is read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 is a diagram illustrating an exemplary spray coating
system in accordance with certain embodiments of the
present invention;
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FIG. 2 is a flow chart illustrating an exemplary spray coat-
ing process in accordance with certain embodiments of the
present invention;

FIG. 3 is a cross-sectional side view of an exemplary spray
coating device in accordance with certain embodiments of the
present invention;

FIG. 4 is a cross-sectional side view of an embodiment of
an air cap having curved passages;

FIG. 5 is a cross-sectional side view of an embodiment of
an air cap having curved passages, e.g., curved tubing pro-
truding from a body portion of the air cap;

FIG. 6 is a cross-sectional side view of an embodiment of
an air cap having curved passages, e.g., curved tubing sur-
rounded by a protective wall;

FIG. 7 is a cross-sectional side view of an embodiment of
an air cap having curved passages, e.g., curved tubing
encased within a protective material (e.g., an overmolded
material);

FIG. 8 is a cross-sectional side view of an embodiment of
an air cap having curved passages, e.g., multiple sections
defining the curved passages.

DETAILED DESCRIPTION

One or more specific embodiments of the present invention
will be described below. In an effort to provide a concise
description of these embodiments, all features of an actual
implementation may not be described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

FIG. 1 is a flow chart illustrating an exemplary spray coat-
ing system 10, which comprises a spray coating device 12 for
applying a desired coating to a target object 14. As discussed
in detail below, the spray coating device 12 may include one
or more curved passages (e.g., curved air passages) config-
ured to reduce turbulence, pressure, drop, and noise associ-
ated with air flow through the spray coating device 12. Fur-
thermore, the curved air passages may be configured to
improve the spray formed by the spray coatingdevice 12, e.g.,
by providing a more uniform air flow to shape the spray. In
particular, the curved air passages may help uniformly dis-
tribute liquid droplets in the spray, thereby helping to increase
the transfer efficiency of the spray onto a target object while
also providing a more uniform coating on the target object.

In addition, the spray coating device 12 may include fea-
tures to enable anon-conical spray shape and/or a spray shape
characterized by a width that varies in a non-linear manner
(e.g., curved manner) from an exit of the device 12 to the
target object 14. In certain embodiments, the spray shape may
be characterized by a cup-shaped or concave outer profile or
periphery (e.g., outer edges), such that the width and/or cross-
section of the spray shape is greater than a conical shape at a
distance close to the exit of the spray coating device 12. In
other embodiments, the spray shape may be characterized by
a tulip shaped profile or periphery. As discussed below, the
unique spray shaping features may enable a greater coverage
area with a suitable velocity at a distance close to the exit of
the spray coating device 12, thereby improving transfer effi-
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ciency and, thus, reducing waste and pollution. It should be
noted that in the context of the present disclosure, the terms
“conical” and “non-conical” when used to describe a spray
shape are intended to refer to the general shape of the periph-
ery of a cross-sectional view of the spray shape. These terms
are not intended to suggest that spray particles travel only
along the periphery of the spray shape. Rather, spray particles
may indeed be transferred throughout the entire interior space
of the spray shape.

The illustrated spray coating device 12 may comprise an air
atomizer, a rotary atomizer, an electrostatic atomizer, or any
other suitable spray formation mechanism. In certain
embodiments, the spray coating device 12 may be described
as a spray gun, which may include a gun-shape with a handle
portion, a barrel or body portion coupled to the handle por-
tion, and a trigger to engage and disengage one or more
valves. However, the unique spray shaping features may be
utilized on any type of spray device.

The spray coating device 12 may be coupled to a variety of
supply and control systems, such as a fluid supply 16, an air
supply 18, and a control system 20. The control system 20
facilitates control of the fluid and air supplies 16 and 18 and
ensures that the spray coating device 12 provides an accept-
able quality spray coating on the target object 14. For
example, the control system 20 may include an automation
controller 22, a positioning controller 24, a fluid supply con-
troller 26, an air supply controller 28, a computer system 30,
and a user interface 32.

The control system 20 also may be coupled to one or more
positioning mechanisms 34 and 36. For example, the posi-
tioning mechanism 34 facilitates movement of the target
object 14 relative to the spray coating device 12. The posi-
tioning mechanism 36 is coupled to the spray coating device
12, such that the spray coating device 12 can be moved
relative to the target object 14. Also, the system 10 can include
a plurality of the spray coating devices 12 coupled to posi-
tioning mechanisms 36, thereby providing improved cover-
age of the target object 14. Accordingly, the spray coating
system 10 can provide a computer-controlled mixture of coat-
ing fluid, fluid and air flow rates, and spray pattern/coverage
over the target object. Depending on the particular applica-
tion, the positioning mechanisms 34 and 36 may include a
robotic arm, conveyor belts, and other suitable positioning
mechanisms.

FIG. 2 1is a flow chart of an exemplary spray coating process
100 for applying a desired spray coating to the target object
14. As illustrated, the process 100 proceeds by identifying the
target object 14 for application of the desired fluid (block
102). The process 100 then proceeds by selecting the desired
fluid 40 for application to a spray surface of the target object
14 (block 104). The desired fluid may include a base coating
fluid, a paint, a clear coat, a stain, and so forth. A user may
then proceed to configure the spray coating device 12 for the
identified target object 14 and selected fluid 40 (block 106).
The target object 14 may include a vehicle, furniture, appli-
ance, and so forth. As the user engages the spray coating
device 12, the process 100 then proceeds to create an atom-
ized spray of the selected fluid 40 (block 108). In certain
embodiments discussed in detail below, the atomized spray
has a non-conical spray shape, such as a cup-shape, a concave
shape, or a tulip shape. The user may then apply a coating of
the atomized spray over the desired surface of the target
object 14 (block 110). The process 100 then proceeds to
cure/dry (e.g., infrared curing lamp) the coating applied over
the desired surface (block 112). If an additional coating of the
selected fluid 40 is desired by the user at query block 114, then
the process 100 proceeds through blocks 108, 110, and 112 to
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provide another coating of the selected fluid 40. If the user
does not desire an additional coating of the selected fluid at
query block 114, then the process 100 proceeds to query
block 116 to determine whether a coating of a new fluid is
desired by the user. If the user desires a coating of a new fluid
at query block 116, then the process 100 proceeds through
blocks 104-114 using a new selected fluid for the spray coat-
ing. Ifthe user does not desire a coating of a new fluid at query
block 116, then the process 100 is finished at block 118.

FIG. 3 is a cross-sectional side view illustrating an exem-
plary embodiment of the spray coating device 12. As illus-
trated, the spray coating device 12 comprises a spray tip
assembly 200 coupled to a body 202. The spray tip assembly
200 includes a fluid delivery tip assembly 204. For example,
a plurality of different types of spray coating devices may be
configured to receive and use the fluid delivery tip assembly
204. The spray tip assembly 200 also includes a spray forma-
tion assembly 206 coupled to the fluid delivery tip assembly
204. The spray formation assembly 206 comprises an air cap
208, which is removably secured to the body 202 via a retain-
ing nut 210. The air cap 208 includes a variety of air atomi-
zation orifices, such as a central atomization annular orifice
212 disposed about a fluid tip exit 214 from the fluid delivery
tip assembly 204. The air cap 208 also may have one or more
spray shaping orifices, such as spray shaping (e.g., air horn)
orifices 216, 218, 220, and 222, which force the sprayed fluid
to form a desired spray pattern (e.g., a non-conical pattern).
The spray formation assembly 206 also may comprise a vari-
ety of other atomization mechanisms to provide a desired
spray pattern and droplet distribution.

As discussed below, the air cap 208 may include curved
passages to improve the air flow, reduce turbulence, reduce
noise, and improve spray formation downstream of the spray
coating device 12. Inthe illustrated embodiment of FIG. 3, the
air cap 208 has a plurality of curved air passages 205, each
having a series of curved air passages 207 and 209. The
curved air passages 205 may replace non-curved air passages
to improve operation of the spray coating device 12.

The body 202 of the spray coating device 12 includes a
variety of controls and supply mechanisms for the spray tip
assembly 200. As illustrated, the body 202 includes a fluid
delivery assembly 224 having a fluid passage 226 extending
from a fluid inlet coupling 228 to the fluid delivery tip assem-
bly 204. The fluid delivery assembly 224 also comprises a
fluid valve assembly 230 to control fluid flow through the
fluid passage 226 and to the fluid delivery tip assembly 204.
The illustrated fluid valve assembly 230 has a needle valve
232 extending movably through the body 202 between the
fluid delivery tip assembly 204 and a fluid valve adjuster 234.
The fluid valve adjuster 234 is rotatably adjustable against a
spring 236 disposed between a rear section 238 of the needle
valve 232 and an internal portion 240 of the fluid valve
adjuster 234. The needle valve 232 is also coupled to a trigger
242, such that the needle valve 232 may be moved inwardly
away from the fluid delivery tip assembly 204 as the trigger
242 is rotated counter clockwise about a pivot joint 244.
However, any suitable inwardly or outwardly openable valve
assembly may be used with embodiments of the present
invention. The fluid valve assembly 230 also may include a
variety of packing and seal assemblies, such as packing
assembly 246, disposed between the needle valve 232 and the
body 202.

An air supply assembly 248 is also disposed in the body
202 to facilitate atomization at the spray formation assembly
206. The illustrated air supply assembly 248 extends from an
air inlet coupling 250 to the air cap 208 via air passages 252
and 254. The air supply assembly 248 also includes a variety



US 9,216,430 B2

5

of'seal assemblies, air valve assemblies, and air valve adjust-
ers to maintain and regulate the air pressure and flow through
the spray coating device 12. For example, the illustrated air
supply assembly 248 includes an air valve assembly 256
coupled to the trigger 242, such that rotation of the trigger 242
about the pivot joint 244 opens the air valve assembly 256 to
allow air flow from the air passage 252 to the air passage 254.
The air supply assembly 248 also includes an air valve adjus-
tor 258 coupled to a needle 260, such that the needle 260 is
movable via rotation of the air valve adjustor 258 to regulate
the air flow to the air cap 208. As illustrated, the trigger 242 is
coupled to both the fluid valve assembly 230 and the air valve
assembly 256, such that fluid and air simultaneously flow to
the spray tip assembly 200 as the trigger 242 is pulled toward
a handle 262 of the body 202. Once engaged, the spray coat-
ing device 12 produces an atomized spray with a desired
spray pattern (e.g., non-conical) and droplet distribution.
Again, the illustrated spray coating device 12 is only an
exemplary embodiment of the present invention. Any suitable
type or configuration of a spraying device may benefit from
the unique air cap fluid atomization and air shaping aspects of
the present invention.

FIG. 4 is a cross-sectional side view of an embodiment of
an air cap 300 having curved passages 302 (e.g., curved air
passages). As illustrated, the curved passages 302 include
first and second curved air passages 304 and 306 on opposite
sides 308 and 310 of a longitudinal axis 312 of the air cap 300.
The first curved air passage 304 curves inwardly toward the
longitudinal axis 312 and terminates at a first air outlet 314.
The second curved air passage 306 curves inwardly toward
the longitudinal axis 312 and terminates at a second air outlet
316. In operation, the first and second curved air passages 304
and 306 are configured to direct first and second air flows 318
and 320 toward a spray 322 to shape the spray 322. As further
illustrated, the curved passages 302 include third and fourth
curved air passages 324 and 326 on opposite sides 308 and
310 of the longitudinal axis 312 of the air cap 300. The third
curved air passage 324 curves inwardly toward the longitu-
dinal axis 312 and terminates at a third air outlet 328. The
fourth curved air passage 326 curves inwardly toward the
longitudinal axis 312 and terminates at a fourth air outlet 330.
In operation, the third and fourth curved air passages 324 and
326 are configured to direct third and fourth air flows 332 and
334 toward the spray 322 to shape the spray 322.

These curved passages 302 are configured to improve the
airflow to the spray 322, thereby improving the spray 322. In
particular, the curved passages 302 may be configured to
reduce turbulence, pressure, drop, and noise associated with
air flow through the spray coating device 12. Furthermore, the
curved passages 302 may be configured to improve the spray
322 formed by the spray coating device 12, e.g., by providing
a more uniform air flow to shape the spray 322. In particular,
the curved passages 302 may help uniformly distribute liquid
droplets in the spray 322, thereby helping to increase the
transfer efficiency of the spray 322 onto a target object while
also providing a more uniform coating on the target object. In
the illustrated embodiment, the curved passages 302 include
four curved passages. In other embodiments, the curved pas-
sages 302 may include any number of curved passages, e.g.,
1,2,3,4,5,6,7,8,9, 10, or more, in any suitable symmetrical
or non-symmetrical arrangement. Furthermore, the illus-
trated curved passages 302 gradually curve inwardly toward
the axis 312 over an angle of approximately 45 degrees at
some radius of curvature. In other embodiments, the curved
passages 302 may gradually curve inwardly or outwardly
relative to the axis 312 over an angle of approximately 1 to
150 degrees, 5 to 120 degrees, 10 to 100 degrees, 20 to 90
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degrees, 30 to 60 degrees, 40 to 50 degrees, or any specific
angle therebetween. Furthermore, the radius of curvature of
each curved passage 302 may range between approximately
0.1105,0.2104,0.31t03,0.4t0 2,0r 0.5to 1 inch, or any other
suitable radius of curvature.

The curved passages 302 of the air cap 300 may be formed
in a variety of ways. In the illustrated embodiment, the air cap
300 may be a one-piece structure having the curved passages
302 formed integrally with an entire body 336 of the air cap
300. For example, the entire body 336 may be molded from a
plastic material or cast from a metal material to form the air
cap 300 with integral curved passages 302. In other embodi-
ments, the a plurality of separate pieces may define the air cap
300 with the curved passages 302. For example, the curved
passages 302 may be separate pieces (e.g., curved tubing)
from the body 336. By further example, the curved passages
302 may be formed with multiple segments or sections of the
body 336. Regardless of the manufacturing technique, the
curved passages 302 provide a gradual curvature devoid of
any abrupt changes in angle. In other words, the curved pas-
sages 302 do not experience any abrupt angles attributed to
multiple straight passages intersecting one another.

FIG. 5 is a cross-sectional side view of an embodiment of
the air cap 300 having curved passages 302, e.g., curved
tubing 340 protruding from the body 336 of the air cap 300. In
the illustrated embodiment, each curved tubing 340 may be a
separately formed tubing with a tubular wall 342, which
gradually curves to form the curved passage 302 (e.g., curved
passages 304, 306, 324, and 326). For example, each curved
tubing 340 may be a metal tube, a plastic tube, a ceramic tube,
a composite tube, or any suitable material defining a tube. In
an embodiment having a metal curved tubing 340, the tubing
340 may be formed and then bent to a desired curvature. In an
embodiment having a plastic tubing 340, the tubing 340 may
be molded to define the desired curvature. However, any
suitable construction of the curved tubing 340 may be
employed in various embodiments. As illustrated, the curved
tubing 340 protrudes away from the body 336, and is secured
to the body 336 by a suitable mount 344. The mount 344 may
include a removable or fixed fastener, such as a screw, bolt,
clamp, adhesive, strap, snap-fit mechanism, latch, or any
other suitable fastener. The mount 344 also may include an
integral connection with the body 336, such as an overmolded
material (e.g., plastic) around the tubing 340.

FIG. 6 is a cross-sectional side view of an embodiment of
the air cap 300 having curved passages 302, e.g., curved
tubing 340 surrounded by a protective wall 350. For example,
the protective wall 350 may define a hollow enclosure or
casing 352, which generally surrounds the curved tubing 340
without directly contact each entire curved tubing 340. In
other words, the protective wall 350 retains a hollow interior
354, and each curved tubing 340 generally passes through the
hollow interior 354. In certain embodiments, the protective
wall 350 may be made of a metal, plastic, ceramic, or com-
posite material. Accordingly, the embodiment of FIG. 6 has a
multi-piece construction of the protective wall 350 and each
curved tubing 340.

FIG. 7 is a cross-sectional side view of an embodiment of
the air cap 300 having curved passages 302, e.g., curved
tubing 340 encased within a protective material 360 (e.g., an
overmolded material) of the body 336. For example, the pro-
tective material 360 may define a solid structure 362 (e.g.,
non-hollow structure), which generally contacts each curved
tubing 340 directly along its exterior surface 364. In other
words, the protective material 360 retains a solid interior 366,
and each curved tubing 340 generally passes through the solid
interior 366. In certain embodiments, the protective material
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360 may be made of a metal, plastic, ceramic, or composite
material. For example, the curved tubing 340 may be molded,
or overmolded, in place by a mold material (e.g., a plastic),
such that the curved tubing 340 is substantially or entirely
encapsulated and fixed in place by the mold material. Accord-
ingly, the embodiment of FIG. 7 has a multi-piece construc-
tion of the protective material 360 and each curved tubing
340.

FIG. 8 is a cross-sectional side view of an embodiment of
the air cap 300 having curved passages 302, e.g., multiple
sections 370, 372, and 374 defining the curved passages 302.
For example, each curved passage 302 may be formed as a
curved groove 376 along an exterior surface of one of the
sections 370, 372, or 374, and then the sections 370, 372, and
374 may be subsequently coupled together to define the body
336 of the air cap 300. In the illustrated embodiment, for
example, the section 370 may be a first annular (or inner)
section having curved grooves 376 (e.g., first and second
curved grooves 378 and 380) along a first exterior surface.
Similarly, the section 372 may be a second annular (or inter-
mediate) section having curved grooves 376 (e.g., third and
fourth curved grooves 382 and 384) along a second exterior
surface. Finally, the section 374 may be a third annular (or
outer) section surrounding the sections 370 and 372. In this
manner, the curved grooves 376 may be formed along an
exterior surface to simplify manufacturing, servicing, and so
forth.

While only certain features of the invention have been
illustrated and described herein, many modifications and
changes will occur to those skilled in the art. It is, therefore, to
be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit
of the invention.

The invention claimed is:

1. A system, comprising:

an air cap configured to mount to a head of a spray device,

wherein the air cap comprises:

afirst shaping air passage having a first curved flow path
and a first outlet, wherein the first shaping air passage
curves inwardly toward a central axis of the air cap;
and

a second shaping air passage having a second curved
flow path and a second outlet, wherein the second
shaping air passage curves inwardly toward the cen-
tral axis of the air cap;

wherein the first outlet and the second outlet are at dif-
ferent axial positions.

2. The system of claim 1, wherein at least the first or second
shaping air passages comprise a curved tubing.

3. The system of claim 2, wherein the curved tubing is at
least partially surrounded by a protective wall.

4. The system of claim 2, wherein the curved tubing is at
least partially encased by a protective material.

5. The system of claim 4, wherein the protective material is
an overmolded material.

6. The system of claim 1, wherein the air cap is a one-piece
structure having the first and second shaping air passages.

7. The system of claim 1, wherein the air cap is a multi-
piece structure having the first and second shaping air pas-
sages.

8. The system of claim 7, wherein a first piece of the
multi-piece structure defines the first shaping air passage, and
a second piece of the multi-piece structure at least partially
surrounds the first piece.

9. The system of claim 1, wherein the first and second air
passages are configured to direct an air flow toward a spray to
shape the spray.

10

15

20

25

30

35

40

45

50

55

60

65

8

10. The system of claim 1, wherein the first and second
shaping air passages are on opposite sides of a longitudinal
axis ofthe air cap, and the first and second shaping air passage
are configured to direct first and second air flows toward a
spray to shape the spray.

11. The system of claim 10, comprising third and fourth
shaping air passages on the opposite sides of the longitudinal
axis of the air cap, the third shaping air passage comprises a
third curved flow path that curves inwardly toward the longi-
tudinal axis, the fourth shaping air passage comprises a fourth
curved flow path that curves inwardly toward the longitudinal
axis, and the third and fourth shaping air passages are con-
figured to direct third and fourth air flows toward the spray to
shape the spray.

12. The system of claim 1, comprising the spray device
having the air cap.

13. The system of claim 12, wherein the spray device
comprises an air valve configured to control an air flow
through the first and second shaping air passages.

14. The system of claim 12, wherein the spray device
comprises a liquid passage leading to the head of the spray
device, and the spray device is configured to atomize the
liquid to generate a liquid spray.

15. The system of claim 13, wherein the spray device
comprises a liquid valve configured to control a liquid flow
through the liquid passage.

16. The system of claim 12, wherein the spray device
comprises a handle and a trigger configured to control opera-
tion of the spray device.

17. A system, comprising:

a spray head, comprising:

a first curved shaping air passage with a first outlet,
wherein the first curved shaping air passage turns
inwardly toward a central axis of the spray head; and

a second curved shaping air passage with a second out-
let, wherein the second curved shaping air passage
turns inwardly toward the central axis of the spray
head, wherein the first and second curved shaping air
passages are configured to direct first and second air
flows inwardly toward a spray to shape the spray;

wherein the first outlet and the second outlet are at dif-
ferent axial positions.

18. The system of claim 17, wherein the first and second
curved shaping air passages comprise respective first and
second curved tubing at least partially disposed in a support
structure, the support structure comprises at least one of a
protective wall or protective material, and the first and second
curved shaping air passages protrude outwardly away from
the support structure.

19. A system, comprising:

a spray device, comprising:

a liquid passage leading to a liquid outlet, wherein the
spray device is configured to atomize a liquid from the
liquid outlet to form a spray;

a first curved shaping air passage that gradually curves
toward a first air outlet and a central axis of the spray
device; and

a second curved shaping air passage that gradually
curves toward a second air outlet and the central axis
of the spray device;

wherein the first and second outlets are at different axial
positions and are configured to at least partially shape
the spray with an air flow.

20. The system of claim 19, wherein the first and second air
outlets are axially offset from the liquid outlet in a down-
stream direction away from the liquid outlet.
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21. The system of claim 1, wherein the first shaping air
passage comprises a first centerline and the second shaping
air passage comprises a second centerline, and the first and
second shaping air passages comprise respective inner and
outer curvatures on opposite sides of the first and second 5
centerlines, wherein the inner and outer curvatures curve
towards the central axis of the air cap.

#* #* #* #* #*
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